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METHOD FOR METERING A LIQUID IN AN
ANALYTICAL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s related to and claims the
priority benefit of German Patent Application No. 10 20135
117 638.6, filed on Oct. 16, 2015, the entire contents of

which are incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to methods of metering a
liquid, 1n particular metering liquids 1n wet chemaistry.

BACKGROUND

From DE 10 2013 114 138 Al, an analytical device 1s

known for determination of a digestion parameter of a liquid
sample, comprising at least one reactor and measuring
device for determining the parameter of the liquid sample, a
container device for storage of samples, reagents, and waste
products 1n containers, a feed and metering device for
metering and feeding the sample and reagents from the
containers mto a metering vessel and for disposal of waste
products from the metering vessel into a waste container,
and a sensing element for detecting a measured value,
correlating with the parameter to be measured, of the liqud
sample optionally mixed with one or more reagents 1n the
reactor and measuring device. The feed and metering device
consists at least ol a metering vessel, a piston pump, and an
additional sample collection device for at least taking a
sample of a given volume of a liquid as a liquid sample from
a sample collection site.

During the metering of the liquids, accurate determination
of the volume of the liquids 1s of great significance. During
metering, the respective liquid 1s drawn at high speed 1n the
direction of the dose measuring device, until the metering
unit activates. The liquid located in the metering unit 1s then
forced at reduced speed below the dose measuring device.
Then, the missing liquid 1s drawn 1n at low speed up to the
dose measuring device.

Both during purging and during accurate metering for the
measurement process, the dose measuring device may be
activated not only by the liquid, but also by a liqud film
surrounding an air bubble or by liquid films in the metering
unit that form due to air bubbles. These air bubbles form
whenever the liquid-carrying tubes are not completely filled
with liquid or when the liquids or reaction products outgas.
This 1s especially critical during the purging of the sample,
since the sample tubing 1s empty before each measurement.

During the purging of the analytical device, these air
bubbles can cause the metering device to not be completely
rinsed and/or the measurement reactor to not be completely
emptied. Because of the high feed velocity and the possibly
high suction breadth or pressure, there 1s a risk that air
bubbles will be drawn 1nto the metering unit and erroneously
activate the dose measuring device because of the film of
liquid surrounding the air bubble or the liquid film formed
in the metering device by the air bubbles.

In a measurement process, erroneous activation of the
dose measuring device can lead to the volume to be metered
not being set correctly. This will impair the measurement
accuracy of the analytical device. Accordingly, there
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remains a need for further contributions in this area of
technology for metering liquids.

BRIEF SUMMARY

The present disclosure 1s based upon the aim of speciiying
a method for metering a liquid 1n which the required volume
of the liquid 1s precisely set, even it air bubbles are drawn
in together with the liquid. The present disclosure relates to
a method for metering a liquid into a wet chemistry ana-
lytical device for determining a parameter of a liquid
sample, 1n which a measurement reactor 1s filled with
liquids, preferably with the liquid sample and several
reagents or standards required for analysis, wherein, before
the measurement reactor 1s filled, a specified volume of the
individual liquids 1s placed 1n a metering unit consisting of
a metering container and at least one dose measuring device.

According to at least one embodiment of the present
disclosure, the aim 1s achieved in that, during the filling of
the metering container, designed as a metering tube, with the
respective liquid, after the activation of the dose measuring
device, an additional volume of the liquid 1s drawn into the
metering tube beyond the position of the dose measuring
device, wherein, during this procedure and afterwards, the
status of the dose measuring device 1s checked, and a
conclusion 1s drawn from this status check regarding the
presence of an air bubble-iree liquid 1n the metering tube. In
this way, 1t 1s possible to recognize whether an air bubble or
a liquid film 1s present 1n the metering tube.

Advantageously, an air bubble-free liquid 1s present in the
metering tube, when the dose measuring device, before and
aiter filling the additional volume, 1s not yet activated. In this
way, the measuring process can be continued after precisely
setting the desired volume of liquid.

In one embodiment, the presence of an air bubble or liquid
f1lm 1s inferred when the dose measuring device is activated
during filling of the metering tube 1f, during and after
addition of the additional volume, the dose measuring
device changes from the activated state to the non-activated
state. If an air bubble or a liquid film 1s detected, the filling
process of the metering tube 1s continued until the dose
measuring device 1s activated again. Then, another addi-
tional volume 1s drawn 1n, and the status of the dose
measuring device 1s again checked, since the liquid may also
contain several air bubbles separated from one another by
liguid films. The process 1s repeated until no further air
bubble or liquid film 1s recognized. After the desired volume
of liquid has been set precisely, the measuring process 1s
continued.

In another embodiment, atter detection of an air bubble or
a liquid film, more liquid 1s added to the liquid already
present 1in the metering tube until the dose measuring device
has been activated, wherein, after the activation of the dose
measuring device, the additional liguid volume 1s drawn 1n
to check the status of the dose measuring device. This
process 1s repeated until the status of the dose measuring
device clearly shows that no air bubble or liquid film 1s
present 1n the liquad.

In one vanant, a first drawing of the liquid takes place nto
an empty metering tube. In this process, it 1s assumed that
the metering tube 1s filled only with air.

In a further embodiment, the additional volume amounts
to less than 5% of the volume of the liquid to be set. Thus,
a small amount of additional volume 1s suflicient to check
the liquid for the presence of air bubbles.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure allows numerous embodiments,
which will be described 1n turther detail with reference to the
figures that are depicted 1n the drawings.

FIG. 1 shows an embodiment of an analytical device
according to the present disclosure.

FIG. 2 shows an embodiment of a method according to
the present disclosure.

In the figures, the same features are marked with the same
reference symbols.

DETAILED DESCRIPTION OF THE DRAWINGS

In FIG. 1, an embodiment of an analytical device 1 used
for determining digestion parameters 1 liguid samples,
preferably 1n process measurement technology or in indus-
trial measurement technology, 1s shown. Such digestion
parameters are used, for example, in the area of water and
wastewater treatment and/or 1n water and wastewater analy-
s1s. Examples of digestion parameters are chemical oxygen
demand, total carbon content, total nitrogen content, and
total phosphorus content.

The chemical oxygen demand (COD) 1s the quantity of
chemically oxidizable substances in a water sample,
expressed as the oxygen equivalent. This parameter can be
advantageously determined with the analytical device 1
shown 1in FIG. 1. For determining the chemical oxygen
demand, a liquid sample FP 1s fed through a peristaltic pump
2 into a metering unit 3. In this example, the liquid sample
FP can be taken from an open basin or a closed container.
The liquid sample FP can, for example, be wastewater 1n a
wastewater treatment plant.

In the metering unit 3, which consists of a metering tube
4 and two dose measuring devices 3, 6, ¢.g., light barriers,
the volume of the liquid sample FP to be analyzed 1s
determined. The dose measuring device 3 activates (i.e.,
triggers) when this volume 1s reached, ending the filling of
the metering unit 3. The liquid sample FP 1s then delivered
from the metering unit 3 into the measurement reactor 7.
This takes place via a valve block 8 and an opened reactor
inlet valve 9. The metering device 6 serves solely as a
back-up measuring device.

At one end of the metering unit 3, adjacent to the valve
block 8, a piston pump 10 i1s arranged, by means of which
reagents or standards are individually drawn into the meter-
ing unit 3. These reagents are solutions that must be added
to the liguid sample FP for determination of the chemical
oxygen demand COD, whereas the standards are used for
calibration and/or adjustment of the analytical device 1.

The reagents, along with a calibration standard and a
blank, are individually placed in liquid containers 11, 12, 13,
14, 15, which are connected via the valve block 8 with the
metering unit 3, wherein, within the valve block 8, each
liquid contamner 11, 12, 13, 14, 15 1s assigned to a valve 16,
17, 18, 19, 20, which 1s opened to fill the metering unit 3
with a liquid contained 1n one of the liquid containers 11, 12,
13, 14, 15 and closed again after the metering unit 3 1s again
filled. In addition, a valve 21 1s arranged beneath or down-
stream of the valve block 8, which allows for waste disposal
of the mixture from the measurement reactor 7 after the
measurement 1s complete.

The first liquid container 11 contains as the digestion
agent an aqueous potasstum dichromate solution, whereas
the second liquid container 12 contains an aqueous mercury
sulfate solution for masking any chloride 1ons contained 1n
the liquid, and the third liquid container 13 contains a
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sulfuric acid with silver sulfate as catalyst. The fourth liquid
container 14 contains a calibration standard. This 15 a
standard solution that has a preset first chemical oxygen
demand. In another liquid container 15 1s a second standard
solution with a second chemical oxygen demand different
from the first chemical oxygen demand, e.g., deionized
water, which 1s used as the null standard.

The measurement reactor 7 includes a digestion vessel 22
made of an optically transparent material, e.g., glass, which
can be heated by a heating device—not presented in further
detaill—betfore and during the measurement process. In this
digestion vessel 22 of the measurement reactor 7, by way of
the reactor inlet valve 9, flows a liquid line 31 optionally
connectable with the metering unmit 3 or with a waste
container, not shown in further detail. At the end of the
measurement reactor 7 opposite the reactor inlet valve 9, a
reactor pressure compensation valve 24 1s located.

The measurement reactor 7 for determining the measured
value representing the chemical oxygen demand of the
liguid sample FP includes a photometric sensor having a
light source 27 and a photoreceiver 28. The light source 27
can, for example, comprise one or more multicolor LEDs,
especially ones emitting light of different wavelengths, and
the photorecerver 28 can have one or more photodiodes.
Light emitted by the light source 27 passes through the
measurement reactor 7 along a measurement path PF trav-
cling through the reaction mixture 29 contained in the
digestion vessel 22 and strikes the photoreceiver 28, which
1s connected to an evaluation unit 30. In this way, a light
source 27 1s selected which emits a wavelength, the absorp-
tion or extinction of which 1s a measure of the consumption
of the digestion agent 1n the form of potassium dichromate,
serving for oxidation of oxidizable components of the liquid
sample FP.

The photometric sensor 27, 28 emits an electrical mea-
surement signal dependent upon the intensity of the light
striking the photoreceiver 28. The light intensity striking the
photoreceiver 28 depends upon the extinction or absorption
of the reaction mixture 29 contained in the measurement
reactor 7. Thus, the electrical measurement signal emitted by
the photometric sensor 27, 28 1s a measure of the chemical
oxygen demand COD of the liquid sample FP.

In the embodiment according to FIG. 2 of the method
according to the present disclosure, in the first step 100, the
liquad 1s filled at a high rate of speed by means of the piston
pump 10 or the peristaltic pump 2 into the empty metering
tube 4 until this reaches the dose measurement device 3.
After the dose measurement device 5 has activated after
filling of the liquid 1n step 110, and the desired volume has
thus been established, the method includes a step 120 in
which an additional volume of the liquid, above the level of
the dose measurement device 5, 1s drawn into the metering
tube 4. In step 130, a check 1s made to see whether the dose
measuring device 5 1s still activated. If the status of the dose
measuring device 5 has not changed, and 1t this 1s still
interrupted, the absence of air bubbles 1n the liquid 1is
ensured. In step 140, the volume of the liquid i1s forced
below the level of the dose measuring device 5 (1.e., the
excess volume exceeding the desired volume) and drawn
into the level of the dose measuring device 5, and the liquid
measured in this way 1s introduced into the measurement
reactor 7 for analysis.

If, however, it 1s determined 1n step 130 that the status of
the dose measuring device 5 has changed, and this 1s no
longer activated, 1t 1s assumed that the first activation of the
dose measuring device 5 was caused by an air bubble or a
liquad film. The process 1s returned to step 100, in which the
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liguid 1s drawn into the dose measuring device. Then, the
additional volume 1s added in step 110.

By checking the content of the metering tube 4 with the
additional volume, the filling of the metering tube 4 with
liquid up to the dose measuring device 5 1s ensured. In this
way, mcorrect dosing during the measurement operation of
the analytical device or entramnment due to inadequate
rinsing during purging of the analytical device are reliably
prevented.

The 1nvention claimed 1s:

1. A method for metering a liquid 1n an analytical device
comprising:

introducing a first volume of a first liquid into a metering,

container of a measuring unit, the measuring unit
including a dose measuring device disposed adjacent
the metering container, wherein the first liquid 1s intro-
duced into the metering container until the dose mea-
suring device 1s triggered, the dose measuring device
including at least one light barrier configured to be
triggered by an air-liquid transition;

adding an additional volume of the first liquid into the

metering container after the dose measuring device 1s
triggered;

during and after adding the additional volume, determin-

ing a status of the dose measuring device as to whether
the dose measuring device 1s triggered; and

operating on the status of the dose measuring device to

determine whether the first liquid includes a bubble or
{1lm.

2. The method according to claim 1, wheremn the first
liquid 1n the metering container 1s determined to be bubble-
free and film-free when the dose measuring device remains
triggered during and after adding the additional volume.

3. The method according to claim 2, the method further
comprising;

purging an excess volume of the first liguid from the

metering container until a level of the first liqud 1n the
measuring container is at or near the dose measuring
device to yield a desired volume of the first liquid,
wherein the excess volume 1s defined as a sum of the
first volume and the added additional volume less the
desire volume: and

introducing the desired volume mto a measurement reac-

tor configured for analysis.

4. The method according to claim 1, wherein the first
liquid 1n the metering container 1s determined to include a
bubble or a film when, after triggering the dose measuring,
device during the introducing of the first liquid into the
metering container, the status of the dose measuring device
changes from triggered to not triggered during or aiter the
introduction of the additional volume.

5. The method according to claim 4, the method further
comprising:

after determining that the first liquid includes a bubble or

a f1lm, repeating the adding of the additional volume
until the dose measuring device 1s subsequently trig-
gered;
after the subsequent triggering of the dose measuring
device, repeating the adding of the additional volume;

during and after the repeated adding of the additional
volume, determiming a status of the dose measuring
device as to whether the dose measuring device 1is
triggered; and

operating on the status of the dose measuring device to

determine whether the first liquid includes a bubble or

film.
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6. The method according to claim 1, wherein the first
liquid 1n the metering container 1s determined to include a
bubble when, after triggering of the dose measuring device
during the introducing of the first liquid 1into the metering
container, the status of the dose measuring device changes
from triggered to not triggered during and aiter the intro-
duction of the additional volume.

7. The method according to claim 1, wherein before the
introducing of the first liquid into the metering container, the
metering container 1s empty.

8. The method according to claim 1, wherein the addi-
tional volume 1s less than 5% of a desired volume of the first
liquad.

9. The method according to claim 3, the method further
comprising:

repeating the method with a second liquid.

10. The method according to claim 9, wherein the first
liguid and/or the second liquid 1s/are a liqud sample, a
reagent or a standard.

11. The method according to claim 1, wherein the meter-
ing container 1s a metering tube.

12. The method according to claim 1, wherein the first
volume of the first liquid introduced betfore the additional
volume 1s a desired volume.

13. A method for metering a liquid 1n a wet chemistry
analytical device for determining a parameter of a liquid
sample, 1n which a measurement reactor is filled with
liguids, such as a liquid sample and several reagents or
standards required for analysis, wherein before the measure-
ment reactor 1s filled, a respective specified volume of the
individual liquids 1s placed 1n a metering unit including a
metering container and at least one dose measuring device,
the method comprising, during the filling of the metering
container with the respective specified volumes, which trig-
gers the dose measuring device, an additional volume of the
individual liquids 1s drawn into the metering container
beyond a position of the dose measuring device, wherein,
during the drawing of the additional volume and afterwards,
a status of the dose measuring device 1s checked, and a
conclusion 1s drawn from the status regarding the presence
of an air bubble-free liquid 1n the metering container.

14. The method according to claim 13, wherein the liquad
in the metering container 1s determined to be air bubble-free
and film-free when the dose measuring device remains
triggered during and after drawing the additional volume.

15. The method according to claim 13, the method further
comprising;

purging an excess volume of the liquid from the metering

container until a level of the liquid 1n the measuring
container 1s at or near the position of the dose measur-
ing device to yield a desired volume of the liquid,
wherein the excess volume 1s defined as a sum of the
respective specified volumes and the added additional
volume less the desire volume; and

introducing the desired volume into the measurement

reactor configured for analysis.

16. The method according to claim 13, wherein the liquad
in the metering container 1s determined to iclude a bubble
or a film when, after tnggering the dose measuring device
during the filling of the metering container, the status of the

dose measuring device changes from triggered to not trig-
gered during or after the drawing of the additional volume.
17. The method according to claim 16, the method further

comprising;
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after determining that the liqud includes a bubble or a
film, repeating the adding of the additional volume
until the dose measuring device 1s subsequently trig-
gered;

after the subsequent triggering of the dose measuring 5
device, repeating the adding of the additional volume;

during and after the repeated adding of the additional
volume, determining a current status of the dose mea-
suring device as to whether the dose measuring device
1s triggered; and 10

operating on the current status of the dose measuring
device to determine whether the liquid includes a
bubble or film.

18. The method according to claim 13, wherein the liquid

in the metering container 1s determined to include a bubble 15
when, after triggering of the dose measuring device during
the filling the metering container with the liquid, the status
of the dose measuring device changes from triggered to not
triggered during and after the drawing of the additional
volume. 20
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